Particle size analysis, Atterberg limits, X-ray diffraction, X-ray fluorescence and firing tests were used to determine physico-chemical, mineralogical and technological characteristics of residual lateritic (K1M, Ma2) and alluvial (KB3, KG3) clays from Foumban (West-Cameroon). For technological properties, the samples were pressed and fired over a temperature range of 900˚C -1200˚C to determine the open porosity, linear shrinkage, bulk density and compressive strength. Kaolinite (31% -65%) and quartz (35% -50%) are dominant in Foumban clays with accessory K-feldspar, plagioclase, illite, smectite, rutile, and goethite. But their proportion changes from one sample to another, having a significant effect on the behaviour of the clay materials: highest proportion of quartz (50%) in sample K1M; relative high feldspars (20%) and illite contents (10%) in KB3 and MA2; high smectite content in KG3 (up to 20%). Chemical analyses indicate high SiO 2 (49% -77%) and low Al 2 O 3 (14% -23%) contents in the four samples, with comparatively low contents of iron oxides (4% -7% in samples KB3 and KG3, 2.5% in MA2 and ~1.5% in sample K1M). The particle size distribution of the alluvial clays (KG3 and KB3) differs considerably: 7% to 37% of clay fraction, 20% to 78% of silt, and 15% to 58% of sand, while residual clays (K1M and MA2) present on average 12% of clay, 51% of silt and 37% of sand. Two raw clays (KB3 and MA2) can be used for bricks/tiles production without beneficiation or addition. K1M requires some flux addition to decrease the sintering temperature while KG3 presents poor properties due to the combined occurrence of smectite and a high clayey fraction (37%). Such mineralogical composition is responsible for very high plasticity (PI: 50), high shrinkage (LS: 5% -16%), low porosity (OP: up to 21%) and high flexural strength 
Introduction
Clays have been used in a wide range of ceramic products as a major component in most ceramic bodies [1] . Clays are important raw material for construction such as bricks due to many specific characteristics before (mineralogy, plasticity and particle size distribution) and after firing (mineralogy, porosity, mechanical strength) [2] . The suitability of a clay for fired bricks depends on its behavior during shaping, drying and firing [2] . This behavior determines the final properties of bricks, especially their porosity and durability [1] . Thus, the characterization and quality control of clay is important for the technical performance of local products. Also, distinct layers associated with different clays can be found in a specific deposit; therefore, the mixture of various clays will permit to adjust the properties of both the unfired body and corresponding final product [3] .
In Foumban (West Cameroon), clay raw materials display a widespread distribution and they have been exploited for the traditional production of small-scale ceramic products (pottery, bricks). In particular, clay materials from the localities of Marom and Koutaba, located eastern and southern Foumban respectively, are both residual and alluvial [4] . Residual lateritic clay material appears in yellowish to red color, and up to 15 m thick; alluvial clay materials appear in grey brown to grey green in color and less thick, 2 -6 m thick.
Mineralogical studies show that clay minerals (22% -97%) and quartz (2% -63%) are dominant in these two materials. Foumban clay is a primary material for local ceramic manufacturers but no detailed study of the properties of fired bricks has been made. A complete characterization of the precursor clays as a function of the firing temperature is needed. The aim of the present paper is to associate the mineralogical and chemical composition of clay materials to ceramic properties (linear shrinkage, open porosity, bulk density, and compressive strength) during firing in order to evaluate the applicability in fired bricks and tiles.
Material and Methods

Material
Foumban raw clays can be divided into two groups based on field observations: homogeneous clayey laterite in the upper part of a laterite cover on interfluves (e.g. at Marom and Koutaba) and heterogeneous hydromorphic clayey material 
Methods
The raw clay samples were dried in an oven at 40˚C for 24 hours. They were K-F = alkali feldspars; Plag = plagioclase; Rut = rutile; Goe = goethite; Kao = kaolinite; Sm = smectite.
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with LynxeyeXe energy dispersive (one dimensional coupled 2θ/θ detector with 3.28) in the laboratory of "Argiles, Géochimie et Environnements sédimentaires (AGEs)" at the University of Liège, Belgium. The analyses were carried out on the non-oriented powder with grinded particles <250 μm (bulk material) and the oriented powder <2 μm (clay fraction) according to [7] . Eva software was used for the mineral phase analysis. The semi-quantitative relative abundance of minerals was estimated using the height of a diagnostic peak multiplied by a corrective factor [8] [9] [10] in combination with the 100% approach (the term 100% approach connotes that the sum of all phase quantities identified in a sample is 100%) [11] and an estimated uncertainty of ±5% -10% [12] . The chemical analyses of major elements were carried out by X-ray Fluorescence Spectrometry ARL PERFORM-X 4200 (standard error < 1%) after Loss of Ignition (LOI) measurement at 1000˚C. The particle size distribution was determined by wet sieving for the ≥100 µm fraction and gravity sedimentation for <100 µm frac- 
Results and Discussion
Mineralogical and Physico-Chemical Characterization
XRD patterns of the investigated clays are characterized by the peaks of quartz and kaolinite ( Figure 2 ). This is the case for most clays resulting from the weathering of acid rocks such as granites [3] [19] . The characteristic peaks of K-feldspar, plagioclase, illite, smectite, rutile, and goethite are also identified, but they usually show small intensities (data in Table 1 [22] . The low amount (<3%) of these oxides in K1M explains the absence of vitreous phase at a low firing temperature (Table 2 ). In contrast, their relatively rich amount in MA2 and KG3 (>8%) is responsible for a rapid densification.
The grain-size distribution of raw materials for building clay products influences in particular the behavior of the material during the shaping and drying processes. Grain-size distribution also affects the microstructure and the mechanical properties of fired materials [23] . The particle size distribution of the alluvial clay (KG3 and KB3) is variable with 7% to 37% of clay fraction, 20% to 78% of silt, and 15% to 58% of sand. The residual clays (K1M and MA2) present a less variable particle size distribution with on average 12% of clay, 51 of silt and 37% of sand. The raw clayey samples were plotted in the diagram of ideal particle size for bricks and tiles ( Figure 3 ) as proposed by McNally [24] . The observed data distributions suggest that the samples K1M and MA2 would be applied to solid and performed bricks respectively. In contrary samples KG3 and KB3 are unsuitable for bricks manufacture: their high amount of fine fraction (>80% of fraction <20 microns) would account for excessive shrinking during firing.
The plasticity of clay materials depends to its particle size distribution and mineralogy composition [24] . In Table 3 , clay materials characterized by a plasticity index (PI) 8% -50% pertaining to the moderate (K1M), plastic (KB3 and MA2) and very high plastic group (KG3). They may be classified into the medium, plastic and very high plastic group [25] . The high plasticity of samples KB3 and KG3 (27% -50%) is suitable for fine ceramic like pottery and sanitary
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ware. The studied samples were further plotted using the clay workability chart [26] . Samples KB3 and MA2 are acceptable for moulding in brick-making (MA2) and pottery (KB3) (Figure 4 ). Samples KG3 and K1M are rather inappropriate for extrusion due to their plasticity parameters, very high for KG3, very low for K1M. For those two samples, the addition of degreaser (KG3) or greaser (K1M) are respectively requested to reach the adequate plasticity for the fabrication of solid or perforated bricks and roofing tiles. Note that sample KG3
could be used to amend K1M and sample K1M to degrease KG3.
Technological Properties of Fired Clays
The results of open porosity, linear shrinkage, density and compressive strength as a function the firing temperature are presented in Figure 5 . 
Conclusions
This study focuses on the composition and ceramic properties of four kaolinitic clays sampled from three deposits in Foumban (West Cameroon). The combination of mineralogical, physico-chemical and technological properties allow us to classify the raw clays according to their optimal application. Technological properties of fired samples from both alluvial (KB3, KG3) and lateritic clays (K1M, MA2) are sufficient for bricks production. However, the addition of flux agent is recommended for sample K1M to decrease its sintering temperature. The low amount of fluxes, gives sample K1M a refractory firing behavior, which results in small variations in the properties above 1150˚C. Samples K1M and KG3 display an extrusion behavior (low plastic and high plastic clay respectively) not acceptable for building ceramics. Those samples require a proper adjustment of their sand-silt-clay ratio to improve their workability (i.e., addition of a plastic material for K1M and non-plastic material for KG3). The mineralogical composition of sample KG3 renders it inappropriate due to the high smectite content; this can be solved by some treatment or addition of quartz.
Further study of mineralogical transformations during firing can be carried out on Foumban raw clays (K1M, MA2 and KB3) to determine the influence of neoformation on the technological properties like porosity. They would provide valuable data regarding the choice of temperature, and the firing duration.
